Infants are thought to be sensitive to frequency in the input as a cue for phonological development. However, linguistic biases such as phonological markedness have been argued to play a role too. Since frequency and markedness are correlated, the two assertions could be different interpretations of data that confound frequency and markedness. In this study we disentangle the two, by testing infants' preferences for syllables contrasting in frequency, balanced for markedness, and for syllables contrasting in markedness, balanced for frequency. We expected a developmental change from frequency-independent to frequency-dependent sensitivity. In addition, we expected an early preference for unmarked structure and a later preference for marked structures, as previously found in child language productions. We find that 9-month-olds prefer phonologically unmarked homorganic patterns, independent of frequency, whereas 12-month-olds prefer marked heterorganic patterns. In contrast to what we expected, only a weak effect for frequency is found and no developmental change.
Introduction
Infants have been shown time and again to be sensitive to statistical cues in their language input, like the frequency distribution of sounds and transitional probabilities of syllables (Archer & Curtin, 2011; Kuhl, 1991; Maye, Werker, & Gerken, 2002; Saffran, Aslin, & Newport, 1996; Zamuner, 2006 Zamuner, , 2009 but they have also been shown to prefer certain linguistic structures over others, like syllables with a raising sonority pattern over syllables with a falling sonority pattern (Gómez et al., 2014) , and place-assimilated consonants in adjacent syllables (oN-Pa: oMPa) over non-place-assimilated consonants (oN-Pa: oNPa) (Smolensky, Jusczyk, & Allocco, 2002) . In addition, asymmetries in infants' sensitivity to feature changes have been shown. For example, infants turned out to be less sensitive to Coronal-to-Labial changes than to Labial-to-Coronal changes (Van Der Feest, 2007) , and less sensitive to stop-to-continuant changes than to continuant-to-stop changes (Altvater-Mackensen, 2010) . Interestingly, most findings showing infants' sensitivity to experience-dependent frequency and statistical cues come from perception experiments performed by psychologists, while most findings showing a role for experience-independent linguistic biases come from (longitudinal) analyses of production data, performed by linguists. Ideally, like in work by Johnson and Jusczyk (2001) , we should thus be aware of both types of sensitivity and focus on showing where and when a non-linguistic, statistical factor like frequency is a dominant cue and where and when linguistic biases play a role. An example of such a study is one by Nam and Polka (2016) , showing a perceptual bias for stops over fricatives independent of language experience.
Danish (Bleses et al., 2008; Eriksson et al., 2012; Fenson et al., 2007; Frank, Braginsky, Yurovsky, & Marchman, 2016) -there was no information in Wordbank for Dutch. Moreover, Huttenlocher et al. suggest potential age-dependent effects of gender and frequency on vocabulary growth (Huttenlocher, Haight, Bryk, Seltzer, & et al, 1991) . In our study, boys and girls could differ in their direction of preference, or in the age at which preferred patterns emerge.
In the following sections we describe the current state of the literature on frequency effects and linguistic biases in more detail.
Linguistic biases
The linguistic characteristics that we contrasted in our stimuli were based on what is known about phonological development in child language productions. Regarding the acquisition of classes of sounds, stops are acquired before continuants, voiceless (unaspirated) obstruents before voiced obstruents, Coronal sounds before Labial and Dorsal sounds, and high and low vowels before mid vowels-see examples below (Ingram, 1974b; Jakobson, 1941; McLeod, 2007) . These early-acquired classes are usually also more commonly present cross-linguistically (Hyman, 2007; Maddieson, 1991) . In phonological theory they are referred to as being "unmarked" or phonologically wellformed, contrasting with "marked" classes that are more unusual cross-linguistically and are acquired later. In addition, in early word productions of Dutch children it had been observed that consonants and vowels within words initially share their place-of-articulation, i.e., early words either consist of combinations of labial consonants and round vowels, or of combinations of coronal consonants and front vowels. 1 The low vowel/a/is neutral and can appear in combination with either coronal consonants or labial consonants. These early forms are termed "homorganic" (Fikkert & Levelt, 2008; Levelt, 1994) . Similar homorganic consonant-vowel combinations have been shown cross-linguistically in infant babbling and to a certain extent in adult speech (Davis, MacNeilage, Matyear, & Powell, 2000; MacNeilage, Davis, Kinney, & Matyear, 2000) . For ease of exposition we will refer to both the early-acquired classes of sounds and the early-acquired homorganic patterns as "unmarked" and contrast these to "marked" later-acquired sound classes and heterorganic patterns. The phonological characteristics contrasted in this study are described below.
Place of articulation (PoA) For PoA, Coronal is considered to be the unmarked feature. Cross-linguistic data, language change and production errors all point towards a "special status" for Coronals (Paradis & Prunet, 1991) . In early child language productions, Labial and Dorsal consonants are often replaced by Coronal consonants in non-assimilatory contexts, while in the child-specific Consonant Harmony process Coronal consonants are always the target of assimilation (Paradis & Prunet, 1991;  in that volume specifically: Lahiri & Evers, 1991; Stemberger & Stoel-Gammon, 1991; Levelt, 1994; (Dutch) ; Lee, Davis, & Macneilage, 2010 ). An example of Dorsal consonants being replaced by Coronal consonants in child language is below in (1):
(1) Dorsal → Coronal (Ruth Hills 2;0, (Ingram, 1974a) (Jakobson, 1941) . Both low and high vowels appear early in child word productions and with a relatively low error rate, while mid vowels appear later and have a relatively high error rate (Levelt, 1994) .
(3) Mid vowel → low/high vowel (Levelt, 1994) Homorganic or co-occurrence patterns A pattern on the syllabic level that has been observed in early child language productions is the tendency to produce homorganic syllables, where consonants and vowels in the utterance share their place of articulation (PoA), also referred to as CV co-occurrence patterns (Davis & MacNeilage, 1995; Fikkert & Levelt, 2008; Levelt, 1994; MacNeilage et al., 2000) or consonant-vowel harmony (Seidl & Buckley, 2005) . For vowels, Place of Articulation is defined by deviations of the lips and tongue from a neutral, resting state. Labial vowels are those with lip rounding, such as/o/and/u/, dorsal (back) vowels are those with a retracted tongue body, such as/ɑ/,/o/and/u/, and in front vowels such as/i/the tongue tip is close to the teeth. Thus, homorganic syllables require a minimal movement of the articulators between consonant and vowel. As mentioned above, here the homorganic patterns are called "unmarked".
(4) Homorganic or Co-occurrence patterns (Eva 1;6, (Levelt, 1994) )
We tested infants' listening preferences for the above contrasts or for frequency separately, in pairwise stimuli, always balancing the stimuli for all other characteristics as much as possible. This way we were able to disentangle the different factors that influenced-or did not influence-the infants' perceptual preferences.
Method

Design
We tested Dutch infants' listening preferences for lists of syllables using a visual fixation method. The lists contrasted in either frequency or markedness. We used a mixed design with age and gender as between-subject factors and all frequency and markedness conditions were tested within each subject.
Participants
Dutch 9-and 12-month-old infants from a monolingual background were tested (9-month-olds: N = 40, 21 boys, 19 girls, mean age 9.02 months (8.45 -9.50); 12 month-olds N = 24, 13 boys, 11 girls, mean age 12.08 months (11.54 -12.69). Caregivers reported that the infants developed normally and had no neurological or auditory problems. Nineteen additional 9-month-olds and 21 additional 12-month-olds were tested but were excluded from further analyses because they did not complete the test (9m: N = 6, 12m: N = 7), because they were more than 3 weeks preterm (9m: N = 1, 12m: N = 6) or postterm (12m: N =1), because of dyslexia in the family (9m; N = 2, 12m: N = 1), because of experimental problems and parent interference (9m: N = 3, 12m: N = 4). Infants receiving bilingual linguistic input in their home environment were excluded because this could affect the relative frequencies of sounds to which they are exposed (9m: N = 3, 12m: N = 3). Three infants were excluded because of a combination of factors (9m: N = 3). Individual trials were rejected from the results when they were not reliable (see the statistics section for details). The study was approved by the ethical committee of Leiden University and all caregivers gave written consent for the infants to participate in this study. After the experiment, the caregivers could choose a toy or a book for their participating infant as a token of appreciation.
Stimuli
For the 9-month-olds, two sets of natural stimuli were used; one spoken by a female voice and one by a male voice (21 and 19 infants tested per voice, respectively). The reason we chose two sets of stimuli was to verify that the possible effects were independent of basic acoustic features like voice characteristics and that the results were replicable. Because the statistical model revealed that stimulus voice did not explain any of the variance in the data (indicating it is not an important factor in the model to explain the data). Unfortunately, the lab moved after the experiment on 12-month-olds with stimuli constructed from the female voice, and the 12-months-old infants could therefore not be tested in the male voice condition under the same conditions. All stimuli were pronounced in a monotonous way and were recorded in a sound attenuated room using Adobe Audition (version 1.5, build 4124.1) and a Sennheiser mkh 416t microphone. Ten sets of Dutch CV syllables were constructed, pairs of which contrasted in frequency (high/low) or markedness (marked/unmarked segments, or homorganic/heterorganic syllables). All stimuli are presented in Appendix Table A2 and A3. All consonants were stops, since these appear early in child language productions (De Boysson-Bardies & Vihman, 1991) . Each 10-syllable test trial consisted of 5 different syllables, which were pseudorandomly ordered in two blocks of 5, using Praat (Boersma & Weenink, 2009, version 5.1.25) . The syllables were separated by 500ms of silence. The sequences of 10 syllables were presented auditorily while a (motionless) checkerboard pattern was shown on a screen. The sets of syllables were presented in two different orders. There were no large differences in syllable duration or fundamental frequency in any of the stimuli of interest (see Appendix  Table A1 ) and stimuli were rms-equalized. A trained phonetician and a trained phonologist listened to the stimuli and judged them to be representative Dutch syllables.
Frequency: Two sets contrasted in frequency. The syllable frequency was based on an infant directed speech corpus by Van de Weijer (1998) . Frequencies were calculated for the stressed CV syllables in infant directed speech, because we only presented them with single CV syllables containing full vowels, and unstressed CV syllables in Dutch usually contain reduced vowels (Booij, 1995) . Furthermore, it has been shown that 8-and 9-month-old infants learning a stress-based language such as Dutch, English, or German (and in some cases Spanish/Catalan) are sensitive to syllable stress (Johnson & Jusczyk, 2001; Jusczyk, Houston, & Newsome, 1999) and unstressed, reduced syllables are often deleted in child language (Allen & Hawkins, 1978; Dodd, Holm, Hua, & Crosbie, 2003; Fikkert, 1994; James, Van Doorn, & Mcleod, 2007) . The mean frequency values of the frequent and infrequent set are .19% and .01%, respectively, for syllable frequency, and .30% and .05%, respectively, for biphone frequency (relative to the total number of syllables in the database; see Appendix Table A2 and A3). Biphone frequency, the frequency measure used by Jusczyk et al. (1994) , is the frequency with which two segments co-occur in all syllables (thus including CVC syllables for example, in contrast to syllable frequency for which we count only CV syllables 3 ). Phonological markedness: The sets of stimuli contrasting in phonological markedness were constructed on the basis of phonological features as described in the Introduction.
Voicing: For the [±voice] condition, the consonants in the two sets of syllables contrasted in being either voiced [+voice], (/b/and/d/), or voiceless (unaspirated) [-voice] , (/p/and/t/). The voiceless consonants formed the unmarked category.
Place of Articulation (PoA): Syllable sets in the PoA condition contrasted marked labials, like/p/, with unmarked coronals, like/t/. We did not use dorsal consonants in the sets, because they have a relatively low frequency in Dutch, and we wanted to avoid a potential confound with frequency.
Vowel height: Two sets of syllables contrasted in vowel height. Both [+low], (/a/), and [+high], (/i/), vowels are considered to be unmarked, while the mid vowels, [-high, -low] , (/e/,/o/), are marked.
Homorganicity: Two sets contrasted at the level of the entire syllable. The consonant and vowel were homorganic in one set and heterorganic in the other. In case they were homorganic, the entire syllable could be labeled [labial] , like/po/with a labial consonant and a labial (i.e., round) vowel, or [coronal] , like/ti/with a coronal consonant and a coronal (i.e., front) vowel. In heterorganic syllables the consonant and the vowel carried different PoA features, like/pi/(labial consonant, coronal vowel) or/to/(coronal consonant, labial vowel). Homorganic structures were considered to be phonologically unmarked.
3
There is evidence for infants' sensitivity to syllable weight (Pons & Bosch, 2010; and syllable types (Jusczyk, Jusczyk, Kennedy, Schomberg, & Koenig, 1995) . In addition, apart from markedness, syllable type and token frequencies in the input appear to influence the development of syllable production in young children (Jarosz, Calamaro, & Zentz, 2016; Levelt, Schiller, & Levelt, 1999) .
Balancing
Care was taken to balance all the sets contrasting in markedness for frequency, and the sets contrasting in frequency for markedness. Since segments can be marked or unmarked in several different ways, stimuli contrasting for one aspect were balanced for all other aspects. For instance, sets contrasting in voicing were balanced for frequency, PoA of the consonant, homorganicity, and vowel height. In the end, the sets of syllables that we compared only clearly contrasted in a single aspect, in order to disentangle the effects of each condition (see Appendix Table A2 and A3).
Apparatus
The experiment was performed in a sound attenuated booth. A chair was placed approximately 90 cm from a 104 cm Philips flat-screen. The stimuli were played in stereo from speakers on both sides of the screen. The screen was connected to a computer outside the booth. Habit X software (Cohen, Atkinson, Chaput, 2000) was used to present the stimuli. Under the screen behind a panel, a camera, and a microphone were placed to monitor the infant's behavior and eye movements from outside the test booth. The video recordings were used for off-line coding of looking time.
Procedure
An adjusted version of the visual-fixation-based auditory preference method was used (Cooper & Aslin, 1990) to test the infants' listening preferences. During the experiment the infant was seated on the caregiver's lap, in front of the screen presenting the stimuli. Caregivers listened to a mix of classical music and backward speech through headphones, to mask the stimuli. A red blinking light was presented on the screen to catch the infant's attention before each trial started. Each set of syllables (trial) lasted for 10 sec, and was presented auditorily while the infant watched a checkerboard pattern on the screen. Each stimulus condition was presented once, thus there were 10 (different) syllable trials in total. Between each syllable trial, the checkerboard was presented again for 10 sec, but a melody was played in order to avoid habituation. The experiment started with two pre-test trials in which all the syllables were presented once in a random order. This was to avoid a primacy effect and to let the infant get used to the setup. After the pre-test and at the end of the whole experiment, a movie of a fish was presented to monitor general attention (measured as looking time). Trials were presented in a different order for each infant.
Scoring
Total looking time was scored for each trial. A difference in looking time between auditory trials is thought to reflect a difference in attentional preference (Colombo & Bundy, 1981; Kemler Nelson et al., 1995) . Video files recorded during the experiment were analyzed frame by frame using ELAN software (Sloetjes & Wittenburg, 2008, version 3.7 .2). All analyses were performed off-line by one of three trained scorers who were blind to the stimuli. During each 10-sec trial, the looking behavior of the infant was scored. Looks were scored when the infant looked at the center of the screen, the perceptual direction of the sound source. Total looking time (TL) within the 10-sec trial and duration of the longest look (LL) were used as variables. For a reliability estimate, a subset of all data was scored by one of the other experimenters trained in rescoring. The average Pearson's correlation was 0.9 and the average reliability score (intraclass correlation coefficient) was 0.8 (p = 0.001 and p = 0.0001, respectively).
Statistics
Analyses with linear mixed models were performed using R (R Core Team, 2015) using package lme4 (Bates, Mächler, Bolker, & Walker, 2015) for each of the five conditions (frequency, place of articulation, voicing, vowel height, and homorganicity). Separate models were run with longest looking time (LL) and total looking time (TL) as response variables. The contrast (homorganicity, PoA, voicing, vowel height, or frequency), gender (male/female) and age of the subject were fixed variables, and subject, stimulus voice and order were included as random factors. Data were log-transformed to avoid heteroscedasticity. This step is necessary to meet model assumptions and thus for the model to be applied properly. P-values were determined by model comparison using the Kenward-Roger approximation (Kenward & Roger, 1997) using the pbkrtest package in R (Halekoh & Højsgaard, 2014) as comprehensively described in Judd, Westfall, & Kenny (2012) . The rationale behind this approach (which is standard for linear mixed models in R) is to see if a factor is relevant for explaining the data fit to the model. Model comparisons were performed starting with the most complex model down to the most simple model. For interaction effects, Tukey post hoc tests were performed using the lsmeans function in R (Lenth, 2016) . Since a separate model was built for each of the five contrasts and for LL and TL data separately, Hochberg's step-up version of the Bonferroni corrections were applied for multiple testing (Hochberg, 1988) ; see Appendix Table A4 for an overview of the final models.
Individual trials were excluded when the infant was (temporarily) crying or fussy, when the caregiver interrupted or distracted the infant, when the infant did not look within the first 0.5 sec of the trial or when the infant's eyes were not visible. Data from an infant were not included when more than half of the trials had to be excluded or when general attention had dropped to less than 50% by the end of the experiment compared to the beginning (see procedure). Final number of infants per condition are presented in Table A5 and A6, as well as interquartile range and medians.
Data sharing
Anonymized looking time data and stimuli (audio files) will be shared on Databrary (http:// databrary.org, Databrary, 2012) , an online digital data library that promotes the sharing and reuse of video data.
Results
Homorganicity
By far the strongest effects were found for homorganicity for which the best fitting model included an interaction between stimulus (homorganic/heterorganic) and age (LL: KR-F = 24.4, p < 0.001, TL: KR-F = 18.6, p < 0.001; Figure 1 ). Post hoc tests revealed that looking times were significantly longer for homorganic than for heterorganic stimuli in 9-month-olds (TL: b (Estimate) = −0.40, t-ratio = −4.17, p < 0.001, LL: b = −0.64, t-ratio = −5.43, p < 0.001), whereas 12-month-olds showed the opposite effect with longer looking times for heterorganic stimuli. (TL: b = 0.31, t-ratio = 2.36, p = 0.021; LL, b = 0.33, t-ratio = 2.08, p = 0.04).
Frequency
In the frequency condition the best fitting model includes a significant two-way interaction between stimulus (frequent/infrequent) and gender (male/female) in LL data (LL: F-KR = 7.4, p = 0.007; Figure 2 ). In post hoc tests, a significant effect for frequency was found in boys, with longer looking times for frequent stimuli than for infrequent stimuli (LL: b = 0.38, t-ratio = 3.63, p < 0.001) but not in girls (LL: b = −0.08, t-ratio: -0.63, p = 0.53). No interactions or main effects were found in TL data (p > 0.05).
Vowel height
In LL data, the best fitting model included a two-way interaction between stimulus and gender (LL: F-KR = 5.9, p = 0.02, this it not significant with correction for multiple testing).
Place of articulation
The model best fitting PoA data (both LL and TL) did not include any interactions. Thus, the final model included only the main factor stimulus (coronal/labial). This main factor was not significant in TL data (F-KR = 1.01, p = 0.3). A weak trend for a main effect was found in LL data with slightly longer looking times for labials than for coronals (F-KR = 5.2, p = 0.02, this it not significant with correction for multiple testing). 
Voicing
The best fitting model for TL data in the voicing condition included a significant interaction between age and gender (p = 0.017). However, this interaction is not meaningful with regard to our study, as the factor stimulus (voiced/voiceless) did not contribute significantly to the model (p = 0.24). This means there is no difference in looking time between voiced and voiceless stimuli (only a trend for longer looking times in general for girls than for boys, but this was absent in other conditions).
Discussion
In summary, a clear, age-dependent effect of homorganicity was found, with an early preference for unmarked, homorganic syllables at 9 months of age, which changed toward a preference for marked, heterorganic syllables at 12 months. These effects were visible in both LL and TL data. Interestingly, this developmental path of perceptual preferences fits very well with developmental production data, where a similar change from early homorganic to later heterorganic forms can be found (Levelt, 1994) .
Effects of markedness for specific phonological features at the segmental level (PoA, vowel height, and voicing) were less clear. Only a weak indication for a preference for unmarked features was shown, in boys for vowel height. For Place of articulation however, attention for marked stimuli was slightly higher than for unmarked ones. As both these trends were not significant, we cannot draw any conclusions from these data.
In the frequency condition, an attentional preference for frequently occurring syllables was found for boys but not for girls. This effect was found in the LL data only. While it is therefore hard to draw firm conclusions from the frequency data, a possible scenario involving an additive influence of experience-dependent (frequency) and -independent (markedness) effects will be discussed below. We will also reflect on the earlier findings of Jusczyk et al. (1994) with a new perspective on how to interpret their data.
Interestingly, subtle differences between boys and girls appeared in the frequency condition, which we will also shortly discuss below.
Perception and production of homorganic syllables
The findings in the present study point to an early perceptual preference for homorganic syllables, whereas later in development this changes to a preference for heterorganic syllables. At both ages, the infants thus distinguish between the two types of stimuli, however the higher level of attention switches from homorganic to heterorganic syllables. This cannot be explained by a familiarity preference alone, since the stimuli are balanced for frequency.
This pattern is very similar to the development in production, with an early presence of word productions consisting of homorganic syllables, while heterorganic syllables appear only later (see example (4) in the Introduction; Levelt, 1994) . The development in production thus appears to follow a similar trajectory as the development in perception we find here. This suggests that linguistic biases at the perceptual level could be predictive of later production skills. However, on the basis of our perception data alone, we cannot exclude the possibility of an influence of production on perception . Homorganic patterns are produced first, and it is possible that during pre-lexical vocal practice, perceptual representations are adjusted to homorganic vocal output. Previous research has shown that an infant's production of certain sound sequences leads to a preference for those sequences in perception (DePaolis et al., 2011; DePaolis, Vihman, & Nakai, 2013; Majorano, Vihman, & DePaolis, 2014) . However, in the case of heterorganic syllables, our 12-month-olds show an attentional preference for these syllables before the age they actually produce word forms containing these syllables, pointing to a possible preceding role for perception in this case. This could indicate that for homorganic syllables too, perception foretells production. Alternatively, during the babbling phase, when motor memories are created through production and perceptual feedback (Fagan, 2015) , a homorganic bias in both perception and production could develop. Subsequently, by the end of the first year, perceptual attention switches to heterorganic patterns, paving the way for these patterns in production at a somewhat later stage. Longitudinal combined studies of perception and production are needed to provide more insight in how infants' processing of segmental information in perception and production interacts and develops.
Our results also contribute to the idea of an interaction between universal, biological constraints and biases, and experience-dependent learning during development. Homorganic patterns have been shown to be universal across languages, and in babbling and early words, suggesting a possible biological constraint or perceptual bias. The sensitivity for heterorganic patterns at 12 months of age can either be explained by an experience-independent developmental path or by a combination of experience-dependent and -independent mechanisms. That is, due to an initial experience-independent attentional preference, infants first focus on homorganic patterns. Once this stage has passed, a shift to "novel" experience-driven learning occurs, resulting in a preference for heterorganic patterns. Importantly, our homorganic stimuli were balanced for frequency. Therefore, syllable frequency alone cannot explain these results. However, an interaction between frequency and homorganicity is possible. This will be discussed in the section "frequency revisited" below.
Similar developmental patterns have been found in infants' development of musical preferences (Hannon, Soley, & Levine, 2011) as well as in songbirds' vocal learning (Ter Haar, Kaemper, Stam, Levelt, & Ten Cate, 2014) . Discrimination of simple beat ratios is unaffected by the music present in the infant's culture early in development, but older infants are affected by the beat patterns in their culture's music. This points to an early experience-independent sensitivity and a later experiencedependent sensitivity (Hannon et al., 2011) . Zebra finches (Taeniopygia guttata, a vocally learning species) that were raised by their non-singing mother, and therefore had no auditory song experience, showed a perceptual preference for universal zebra finch song elements. After experience with a specific song, the preference of the same birds changed to the (non-universal) song elements they had been exposed to Ter Haar et al. (2014) . Thus, interactions between biologically determined constraints and biases, and experience during development seem to exist in all these domains.
Development of segmental representations
No clear attentional preference for either marked or unmarked stimuli was found here for the segmental features (voicing, PoA, and vowel height) . No effect at all was found for voicing and for PoA and only trends were found for vowel height. If anything, the trends were in the opposite direction of what we expected. For PoA there was a trend for longer looks for marked stimuli (labial over coronal), whereas a trend for longer looks for unmarked vowels was found, but only in boys.
This lack of strong effects may be explained by the preference for homorganic syllables, which could indicate that young infants perceive feature contrasts at the syllable level and not yet at the segmental level (Ferguson & Farwell, 1975; Fikkert & Levelt, 2008; Levelt, 1994; Waterson, 1971) . In production, differentiation of PoA features for consonants and vowels within syllables only appeared after age 1;5 in the Dutch children studied in Fikkert and Levelt (2008) . In the present study, the preference for heterorganic syllables is only found in the 12-month-olds. This could indicate that they start to become sensitive to features at the segmental level at this age. A recent study on vowel discrimination in Dutch-learning infants (Liu & Kager, 2016) shows that the vowel contrast (between/I/and/i/) is only discriminated at this same age (11-12 months) in monolinguals, which gives support to our explanation. However, whether this applied to specific contrasts used in the present study should be confirmed. We would also expect that discrimination between homorganic syllables is easier than heterorganic ones if segmental representation is not yet fully developed (i.e., before 12 months of age).
Others have suggested that segmental awareness arises before 12 months of age (Nishibayashi & Nazzi, 2016) , since infants have a vowel bias at 6 months of age and a consonant bias at 8 months of age (the latter depending on language input). This means that infants primarily use vowel information at 6 months of age and consonant information at 8 months of age for word identification (measured in a mispronunciation task). However, this was tested in a discrimination paradigm (familiarization followed by mispronunciation) at the syllable level. For consonants, it is nearly impossible to truly determine segmental awareness, since consonantal contrasts are always presented embedded in syllables, and therefore constitute a contrast at the syllable level as well. This means that also in our study, we cannot determine with certainty whether or not infants process the stimuli at the segmental level.
An alternative explanation could lie in the processing of complex information (in the sense of number of features in a syllable), which causes the infants to initially attend to homorganic syllables and later to heterorganic (more complex) syllables. Processing of complex information does not necessarily have to take place at segmental level.
Frequency effects revisited
In 1994, Jusczyk et al. published the first evidence for an effect of frequency in the perceptual preferences of 9-month-old but not 6-month-old infants (Jusczyk et al., 1994) . Since then, the frequency effect has been taken for granted, but surprisingly, it has not been reproduced in preference tests other than the current study. However, other indications for frequency effects have been shown (Archer & Curtin, 2011; Kuhl, 1991; Maye et al., 2002; Saffran et al., 1996; Zamuner, 2006 Zamuner, , 2009 , but very rarely are stimuli controlled for linguistic factors like markedness. The only evidence for a frequency effect on phonological development independent of markedness has been shown by Zamuner, Gerken, and Hammond (2005) . In our study we do find a small frequency effect when balancing for markedness and homorganicity, but it is much weaker than the effect for homorganicity and only significant for boys, not for girls. It would be interesting to know if this gender difference was also present in the study by Jusczyk et al. (1994) but gender appears not to have been investigated as a factor in that study.
So why was the frequency effect so strong in Jusczyk et al. (1994) ? In the first two experiments in that study, phonological factors were not controlled for at all in the stimuli. In the third experiment, the frequent and infrequent lists of syllables were balanced for vowel quality and the effect was already much weaker. However, they did not balance the consonants for markedness in the third experiment, and the frequent syllables lists had a higher numbers of initial plosives (41 items) than initial fricatives (77 items) compared to infrequent lists of syllables (10 plosives and 126 fricatives). Importantly, infrequent lists of syllables contained 35 items with the voiced dental non-sibilant fricative [ð] whereas frequent lists contained none. Similarly, frequent lists contained 10 alveolar approximants [ɹ] whereas the infrequent lists contained none. This means that just by an increase in preference for [ð] or a lack of preference for [ɹ] could explain the results reported by Jusczyk et al. (1994) . Furthermore, even though overall, the lists were equal in homorganicity, only the frequent list contained syllables starting with plosives that were homorganic (10 items), whereas in the infrequent list no homorganic syllables starting with plosives occurred at all. It is possible that infants will pay more attention to syllables with initial plosives than to syllables with initial fricatives and even more so when they are homorganic. Strictly speaking, different distribution of homorganic syllables starting with a plosive in the two sets might be sufficient to explain the difference in preference between "high frequency" and "low frequency" lists in Jusczyk et al., and would be highly similar to the homorganicity preference we show for plosives in our present study. Linguistic factors could thus have influenced the looking times for the frequent syllables, and the combined information might have triggered the significantly longer looking times for frequent syllables. Thus, it seems plausible that the combination of phonological information and frequency, rather than frequency alone explain the perceptual preferences in Jusczyk et al. (1994) . It should be noted that the frequency difference in Jusczyk et al. (1994) was larger than the frequency difference in our study, which is a consequence of our balancing for markedness. For positional phoneme frequency, the frequent/infrequent ratio in Jusczyk et al. (experiment 3 , which is balanced for vowel quality only) is 2.8, while it is 1.1 in the present study. In Jusczyk et al., the frequent/infrequent ratio for biphone frequency was 5.8, compared to 6 in the present study and the syllable frequency difference ratio here is 16.7 (the syllable frequency difference ratio is not reported in Jusczyk et al). By no means do we exclude a role for frequency in infants' perceptual preferences. However, our results point out that other factors, such as homorganicity can at least additionally, but possibly even more strongly affect perceptual preference.
Gender differences
We found gender differences in the attentional preferences for frequency. The frequency preference was only present in boys, alluding to differences in perceptual biases between boys and girls. However, it is unclear how this gender difference could relate to either the vocabulary advantage for American English acquiring girls, or the novelty-as opposed to a female familiarity-preference for function words found in Shi (2007) . Reports on gender differences in language development are sparse and often conflicting. Many different causes can be attributed to gender differences, such as (social) environment, parental speech, or biological factors, which are not mutually exclusive. For example, indications that differences in gender and/or hormone levels are related to language development are accumulating (Schaadt, Hesse, & Friederici, 2015) . In future work, the possible this difference in sensitivity to frequency between boys and girls, all else being equal, could be tested in different linguistic domains. Our finding is yet another indication that it is relevant to take potential gender differences into account.
Conclusion
In summary, our results suggest that the homorganic patterns found in early word productions are preceded by a perceptual sensitivity to homorganic syllables. Preferences in perception thus seem to be predictive of the linguistic structure of early productions. Homorganicity turns out to be a strong perceptual attractor early in development, and possibly even a stronger cue than sheer frequency. We also showed that it is important to control for both frequency and linguistic characteristics of stimuli in studies testing perceptual sensitivity, as the two factors are often confounded. Phonological development is influenced by both linguistic and non-linguistic factors, and our knowledge of early language development benefits from interdisciplinary research that their relative role, and explains the ways they interact. 
